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How do we learn and remember? How do our brains change with experience? Why do we forget? This issue’s Select
features recent articles that address these questions. Four studies provide new perspectives on howmolecular changes
at individual synapses influence behaviors, supply insight into diseases typified by learning and memory deficits, and
highlight how spatial information is integrated to build cognitive maps.An Aplysia. Image courtesy of E. Kandel,
Columbia University.Sluggish Learning after Neurexin-Neuroligin
Disruption
The human brain contains nearly 100million neurons that are connected bymore than
100 trillion synapses. Although these large numbers are overwhelming, understanding
neuronal and synaptic function becomes less daunting when studied in simpler
systems such as the sea slug, Aplysia. Choi and colleagues gain new insight into
the molecular control of synaptic remodeling required for learning and memory by
studying the sensory-motor circuit underlying the gill withdrawal reflex.
Neurexin and neuroligin are two transmembrane proteins previously implicated in
synaptogenesis and synaptic plasticity. Choi et al. clone and characterize the Aplysia
homologs of these two proteins and then examine how they participate in activity-induced synaptic remodeling at the gill
sensory-motor synapse. They go on to provide evidence that neurexin in the presynaptic sensory neuron and neuroligin in
the postsynaptic motor neuron interact trans-synaptically to promote serotonin-induced changes required for long-term facil-
itation, a physiological read-out for Aplysia learning and memory storage. The authors show that trans-synaptic signaling
between these two proteins at activated synapses promotes increased synaptic varicosities, recruitment of additional mole-
cules of neurexin and neuroligin, heightened evoked excitatory postsynaptic potential, and stabilization of the synapse. In one
of the more provocative findings of the paper, the authors reveal that expression of a rare autism-linked variant of neuroligin
blocks both intermediate and long-term facilitation while having no effect on basal synaptic transmission. Together, these
results indicate that neurexin and neuroligin have an inherent ability to remodel synapses and provide interesting and testable
hypotheses for future work aimed at understanding the molecular underpinnings of synapse remodeling and stabilization,
especially as they relate to neuropsychiatric disorders such as autism spectrum disorder.
Choi, Y.-B., et al. (2011). Neuron 70, 468–481.Place cells and silent cells exhibit electrophysiological differ-
ences before and during exploration of novel environments.
Image courtesy of A. Lee.Silent Cells Know Their Place
Synaptic plasticity, similar to that described in Aplysia, occurs at
distinct locations throughout the mammalian brain. Neuronal
circuitry in the hippocampus undergoes remodeling during spatial
learning. In a recent study, Epsztein and coworkers provide new
insight into how place cells and silent cells contribute to the
memory trace of a new environment.
When an animal explores a novel environment, place cells selec-
tively fire action potentials in specific regions. For each new envi-
ronment an animal explores, a unique pattern of place cell activity
(and silent cell inactivity) is generated. This pattern is converted
into a spatial memory that can be accessed upon return visits.
A neuron’s identity as a place cell or silent cell is not static, and in
many instances, place cells in one environment become silent cells
in another. Understanding why certain cells are recruited to fire
during the formation of spatial memories is an important yet unre-
solved question. With the help of a relatively new technique that
records intracellular membrane potentials in awake behaving
animals, Epsztein et al. (2011) investigate why particular hippocampal neurons become active or silent in rats exploring
mazes. Prior to and during exploration, the authors record from individual neurons and compute a variety of electrophysio-
logical properties for each cell sampled. The data reveal that intrinsic properties such as action potential thresholds and
pre-exploration firing patterns play an important role in determining if and when a given neuron will fire. With these data,
the authors refine the predominant model for place field formation, suggesting that the combination of a neuron’s intrinsic
properties and sensory-driven input influences the acquisition of cognitive maps of new environments. In addition, their anal-
yses suggest that rhythmically occurring, spatially tuned complex spiking patterns refine and stabilize the newmap, convert-
ing intrinsically based firing in a novel environment into synaptic-based firing in a familiar environment.
Epsztein, J., et al. (2011). Neuron 70, 109–120.Cell 145, May 13, 2011 ª2011 Elsevier Inc. 489
Increased numbers of adult-born dentate
granule neurons in the hippocampus
contribute to improved learning. Image
courtesy of A. Sahay and R. Hen.New Neurons, New Opportunities
In addition to being the site of much synaptic remodeling between neurons, the
hippocampus is also one of the few regions of the adult brain that displays life-long
neurogenesis. Sahay and colleagues now demonstrate that enhancing neurogenesis
in the hippocampus improves learning, memory, and mood.
Previous studies have shown that defects in adult hippocampal neurogenesis
negatively impact cognition and mood, but it has been unclear whether increasing
adult neurogenesis could improve the ability to learn, remember, or deal with
anxiety-provoking situations. With this question in mind, Sahay et al. (2011) generate
mice with apoptosis-resistant neural stem cells, which have nearly twice as many
mature, functional neurons in the hippocampus. These mice were subjected to
a battery of behavioral tests, including object recognition, spatial learning and
memory tasks, as well as fear-conditioning learning paradigms. Despite increased
numbers of functional neurons, the mice did not display significantly different behav-
iors in the majority of these tests. Only in a contextual fear-discrimination learning
task, which measures pattern separation ability, did the transgenic mice perform
better. Unlike control mice, they exhibited an improved ability to distinguish between
two similar contexts. The authors also exposed the mice to a variety of anxiety-elicit-
ing stimuli to test whether increased survival of adult-born neurons affects mood.
Although increased survival of adult-born neurons alone does not ameliorate negativechanges in mood, exercise coupled with increased neurogenesis increases exploratory behaviors and decreases anxiety-like
behaviors. In light of studies linking aerobic exercise to mood improvements in humans, the authors suggest that exercise
may alter the properties of the expanded population of newborn neurons, potentially recruiting them into mood-modifying
circuitry. Although many questions remain, these findings raise the possibility that stimulating adult hippocampal neurogen-
esis may provide a therapeutic strategy for conditions linked to deficits in pattern separation such as anxiety disorders and
age-related cognitive impairments.
Sahay, A., et al. (2011). Nature. Published online April 3, 2011. 10.1038/nature09817.A honeybee fitted with a transponder for
radar tracking. Image courtesy of
C. Gru¨ter.Bees Learn to Take Shortcuts
Mammals are not the only animals capable of creating and storing spatial maps of
their surroundings. Honeybees accurately learn to navigate to and from distant
food sources. Menzel et al. (2011) now provide evidence that bees store multiple
spatial memories and use them to compute new routes between known destinations.
Like the wilderness scout who susses out new locations and returns to base camp
to share information about the lay of the land, foraging bees return to the hive and
share information about where they have been. Honeybees learn about new locations
of food by following a forager bee’s intricate waggle dance. Previous studies have
dissected the details of the waggle dance, but many questions about how honeybees
form memories and utilize stored information remain. Menzel and colleagues employ
complete flight-tracking capabilities and comprehensive knowledge of bees’
previous foraging experiences, revealing that bees take novel cross flights between
locations as well as shortcuts home. Bees only take shortcut flights when they have
foraged in one location and subsequently learned of a new location from a hivemate’s
waggle dance. The authors propose twomodels for these behaviors. Cross flights aswell as shortcut homing trips could result
from large-scale vector integration. Similar to triangulation, this in-flight computation would rely on the integration of remem-
bered vectors. An alternative explanation is that bees form map-like memories, gathering landmark information during short
exploratory flights when they first emerge from the hive. This underlying spatial map, similar to that formed by place and silent
cells in the rodent hippocampus, could then provide a reference grid, helping bees navigate efficiently among multiple loca-
tions. Although this study does not provide definitive proof for either model, both forms ofmemory could exist, suggesting that
bees and mammals share some of the basic cognitive components for memory.
Menzel, R., et al. (2011). Curr. Biol. 21, 645–650.
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